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SYNOPSIS. The skull anatomy ot'uropeltines is reviewed, and new data is presented on the highly derived otico-occipital region.

A phylogenetic analysis of uropeltine interrelationships using parsimony is performed using characters derived from skull

structure. The basal position of the genus Melanophidium is confirmed; Pseudotyphlops is a relatively derived uropeltine. in spite

of its relatively large size. The monophyly of the genera Melanophidium and Rhinophis requires further testing.

INTRODUCTION MATERIALEXAMINED

Uropeltinae (Nopcsa 1923. The name is here used as by Kluge 1991,

Fig. 4; see also Cundall et al. 1993) remain an enigmatic group of

basal alethinophidian snakes. This is largely due to their burrowing

habits and restricted distribution, and the consequent scarcity of

material available in public repositories. We have studied the

uropeltine skulls from the collections of The Natural History Mu-

seum, London, which permitted us to review the highly derived skull

structure in this monophyletic clade of snakes.

The first detailed description of a uropeltine skull was given by

Baumeister (1908) in a monograph on the genus Rhinophis. Peculi-

arities of the cranio-vertebral joint in the group were dealt with by

Williams ( 1 959), Underwood ( 1 967), and Hoff stetter &Gasc ( 1 969).

Some aspects of the skull of uropeltines were described by Rieppel

(1977. 1978, 1983), Bellairs & Kamal (1981), and Wever (1978),

but none of these studies addressed details of the morphology of the

otico-occipital complex. The lower jaw of uropeltines was described

by Rieppel & Zaher (2000). In their detailed analysis of the cranial

anatomy and phylogenetic relationships of Anomochilus, Cundall &
Rossman (1993), and Cundall et al., (1993), comment on various

aspects of the skull structure of uropeltines, and their functional as

well as phylogenetic significance. In particular. Cundall & Rossman

(1993; see also Cundall & Greene 2000) recognized a fundamen-

tally different design of skull adaptation to burrowing habits in

scolecophidians and uropeltines (Fig. 1 ). The phylogenetic relation-

ships of uropeltines within snakes were discussed in cladistic terms

by Cundall et al. (1993), Scanlon & Lee (2000), andTchernov etal,

(2000). Only one study has appeared so far that dealt with uropeltine

interrelationships, based on microcomplement fixation techniques

(Cadle et al. 1990). In this paper, we review the skull anatomy of

uropeltines, adding new detail to previous descriptions (Rieppel

1977, 1978) and providing new data on the detailed morphology of

the otico-occipital complex. These morphological characters are

used in a phylogenetic analysis of uropeltine interrelationships,

which will be compared to the results obtained by Cadle et al.

(1990). This study is presented in honor of Dr. Garth Underwood,

who more than 20 years ago introduced the senior author to the study

of the skull of 'henophidian' snakes.

The present study is based on the investigation of the skull of the

following taxa (generic names used in the manuscript refer only to

the specimens here listed), arranged as outgroup taxa and in-group

(uropeltine) taxa.

Institutional abbreviations

BMNH, British Museum (Natural History), now The Natural His-

tory Museum; FMNH. Field Museum of Natural History, now The

Field Museum.

Outgroup taxa: Anilius scytale (FMNH 35683); Cylindrophis

maculatus (BMNH 1930.5.8.48); Cylindrophis ruffits (FMNH
179033); Boa constrictor (FMNH 22435, 22438); Calabaria

reinhardtii (FMNH 31372); Candoia aspera (FMNH 13915);

Candoia h. australis (FMNH22997); Lichanura roseofusca (FMNH
31565); Python molurus (FMNH 223198); Tropidophis pardalis

(FMNH 233).

In-group taxa: Melanophidium punch/turn (BMNH1930.5.8.119);

Melanophidium wynaudense (BMNH 1930.5.8.124-125); Platy-

plecturus madurensis (BMNH 1930.5.8.111); Plecturus perroteti

(BMNH 1930.5.8.105); Pseudotyphlops philippinus (BMNH
1978.1092); Rhinophis drummondhayi (BMNH 1930.5.8.67-68);

Rhinophis sanguineus (BMNH 1930.5.8.59); Teretrurus rhodo-

gaster (BMNH 1930.5.8.98); Uropeltis woodmansoni (BMNH
1930.5.8.73-74);

Abbreviations used in the figures

ang, angular; bo, basioccipital; com, compound bone; d, dentary;

ec, ectopterygoid; f, frontal; Is, laterosphenoid; m, maxilla; n, nasal;

oc, otic capsule; op-eo, opisthotic-exoccipital; p, parietal; pi, pala-

tine; pm, premaxilla; po.vc, posterior opening of Vidian canal; prf,

prefrontal; pro, prootic; pro.c, prootic canal; pro.r, preorbital ridge;

pt, pterygoid; q, quadrate; sm, septomaxilla; so, supraoccipital; sp,

splenial; tr.f.r, transverse frontal ridge; v, vomer; II, optic foramen;

V,, trigeminal foramen (maxillary branch); V
3

, trigeminal foramen

(mandibular branch); VII, facialis foramen; X, jugular foramen;

XII, hypoglossal foramen.
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Fig. 1 The skull and mandible of Pseudotyphlops philippinus (BMNH
1978.1092) in left lateral view.

GENERALASPECTSOFTHESKULL

The premaxilla of uropeltines is characterized by a single premaxil-

lary foramen (Fig. 2). The vomerine processes of the premaxilla

meet the vomer in a well-defined contact. The premaxilla of

uropeltines shows characteristic variation within the group (Rieppel

1977; Cundall & Rossman 1993). The anterior margin of its trans-

verse process is more or less evenly rounded in Melanophidiwn,

which correlates with a gentle anteromedial curvature of the anterior

end of the maxilla (Fig. 2A). The two bones closely approach each

other, or barely establish contact. This genus therefore retains a

plesiomorphic configuration of the snout, which is also inferred to

be present in Platyplecturus (the specimen BMNH1930.5.8.111

lacks the premaxilla, but retains the maxilla which shows an

anteromedially curved anterior end), and which represents a con-

dition similar to that seen in Anomochilus (Cundall & Rossman

1993). The other uropeltines have a similar premaxilla, which

carries an anteriorly projecting, bipartite rostrum. The straight 'trans-

verse' processes point posterolaterally, and meet the straight maxilla

in a shizarthrosis (Cundall & Rossman 1993; Fig. 2B-E). These two

elements define the lateral margins of the strongly 'telescoped'

(Haas 1930), i.e., tapering and pointed snout (see also Cundall &
Rossman 1993, Fig. 25B).

The maxilla of basal alethinophidians carries an anterior medial

process (Rieppel 1977; Scanlon & Lee 2000), which is particularly

well developed in uropeltines, where it participates in the formation

of a broadly overlapping contact between maxilla, premaxilla, and

vomer. In Melanophidiwn, the anterior medial process of the maxilla

is not engaged in any such contact, but freely underlaps the

septomaxilla. In Pseudotyphlops, the anterior medial process of the

maxilla overlaps a medially extending horizontal flange of the

transverse process of the premaxilla in a complex, interlocking

premaxillary - maxillary contact (Fig. 2B, D-E). Rhinophis and

Uropeltis are unique in that the anterior medial process of the

maxilla forms a well-defined sutural contact with an anterior lateral

process of the vomer in front of the opening for Jacobson's organ.

The medial or choanal processes of the palatines of uropeltines

are broad, arching over the choanal tubes and projecting ventrally

again medial to the choanal tubes. Their ventral tips are embraced

anteriorly by the posterior ends of the vomers, as is also the case in

other basal alethinophidians (Cundall & Rossman 1993; Cundall et

al. 1993; Rieppel 1983; Fig. 2, 3). The parasphenoid forms a sagittal

interchoanal process that lies between the choanal processes of the

palatines, as is also the case in Anomochilus and Cylindrophis

(Cundall & Rossman 1993; Cundall et al. 1993). The dorsal lamina

of the nasal is variously developed in uropeltines, but tends to be

relatively broad and notched anterolaterally in species with a rounded

snout, but slender and tapering to a fine tip in species with a strongly

telescoped snout.

The snout complex is suspended from the rest of the skull at the

naso-frontal joint (see Rieppel 1978. for details) and through the link

provided by the prefrontal (Fig. 3). The maxilla of uropeltines

carries a well-developed ascending process that is in a firm planar

(i.e., not interdigitating) contact with the prefrontal. Medial to the

ascending process, the superior alveolar nerve canal is open dorsally

in uropeltines, appearing as a groove on the dorsal surface of the

Fig. 2 A-E The palate in uropeltine snakes. A, Melanophidiwn wynaudense (BMNH 1930.5.8.124); B, Pseudotyphlops philippinus (BMNH 1978.1092)

C, Rhinophis sanguineus (BMNH 1930.5.8.59); D-E, Pseudotyphlops philippinus (BMNH 1978.1092).
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Fig. 3 The snout complex of Pseudotyphlops philippinus ( BMNH1978. 1092).

maxilla, a unique condition among snakes (Fig. 4). The suspension

of the snout complex from the braincase is more elaborate in

uropeltines than it is in other basal alethinophidians (Rieppel 1978).

The parietal of uropeltines forms distinct anterolateral, i.e.,

supraorbital processes which may or may not contact the prefrontal

(Fig. 3). In Cylindrophis maculatus and in Anomochilus (Cundall &
Rossman 1993), as well as in Melanophidium punctatum, the

supraorbital process of the parietal participates in the suspension of

the prefrontal. In other uropeltines, the contact between parietal and

prefrontal may be reduced or absent, due to a relatively shorter

supraorbital process of the parietal (this character is bilaterally

variable in the skull of- Platyplecturus). The optic foramen is located

between the frontal and parietal in Melanophidium and Platy-

plecturus, but within the frontal in Plecturus, Rhinophis, and

Uropeltis (Underwood, 1967: 64). In Pseudotyphlops (Fig. 3A) and

Teretrurus, the optic foramen is a slit-like opening in the posterior

margin of the frontal. The parietal carries a low sagittal crest in the

relatively large Pseudotyphlops (Fig. 5C). In the other species with

smaller skulls, such a sagittal crest is at best very faintly developed

in the posterior part of the parietal (Fig. 5A-B). In some uropeltines

such as Rhinophis and Uropeltis (Fig. 5B), the parietals are not

completely fused in their posterior part. A supratemporal is absent in

uropeltines, and the quadrate is suspended from the otic capsule in a

relatively low position. The suprastapedial process of the quadrate is

very elaborate in uropeltines, and as in Anomochilus (Cundall &
Rossman 1993), it exceeds the shaft of the quadrate in length.

In Anomochilus, the anterior end of the edentulous palatine shows

some elaboration into a broader structure that receives the medial

(palatine) process of the maxilla in a deep facet (Cundall & Rossman

1993, Fig. 2B). In uropeltines, the anterior process of the palatine is

modified to form a broad wing which establishes a broad ventral

overlap with the posterolateral part of the vomer, and which receives

the well developed medial process of the maxilla in a deeply

recessed lateroventrally facing facet (Fig. 2). The infraorbital nerve

(maxillary division of the trigeminal nerve) pierces the bottom of

this recessed facet to become the superior alveolar nerve. The

morphology of the palatine in Anomochilus is intermediate between

that of Cylindrophis on the one hand, and that of uropeltines on the

other (Cundall & Rossman 1993). Palatine teeth are absent in

Anomochilus and uropeltines with the exception of Melanophidium

wynaudense . The ectopterygoid and pterygoid are reduced in

uropeltines (and even more so in Anomochilus: Cundall & Rossman

1993), and the pterygoid is edentulous.

The para-basisphenoid is relatively broad in uropeltines, gradually

becoming narrower anteriorly and tapering to a pointed tip between

the choanal processes of the palatines. The ventral surface of the

para-basisphenoid is distinctly convex in Pseudotyphlops resulting

in the formation of ventrolateral ridges. These are at best weakly, or

only very faintly, developed in other, smaller, species with a para-

basisphenoid that has a flat or even slightly convex ventral surface.

Along the lateral edge of the para-basisphenoid the ossified crista

trabecularis ends behind the anterior margin of the laterally descend-

ing flange of the parietal in most taxa except for Teretrurus and

Rhinophis drummondhayi, where it ends at the anterior margin of the
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Fig. 4 A-C A, The left maxilla of Cylindrophis maculatus (BMNH
1930.5.8.48) in lateral and dorsal views; B, The left maxilla of

Melanophidium wynaudense (BMNH 1930.5.8.124) in lateral and dorsal

views; C, The left maxilla of Pseudotyphlops philippinus (BMNH
1978.1092) in lateral and dorsal views.

laterally descending flange of the parietal. In Rhinophis sanguineus

and Uropeltis, the crista trabecularis extends further anteriorly and

terminates below the optic foramen that is located in the frontal. In

front of the ossified crista trabecularis, the cartilaginous trabecula

cranii is embedded in all taxa in a deep furrow located between the

lateral margin of the parasphenoid and the ventrally projecting margin

of the frontal. Tiny fontanelles may persist along the line of fusion of

the basisphenoid and basioccipital in Rhinophis and Uropeltis.

THEOTICO-OCCIPITAL COMPLEX
The otico-occipital complex is here considered to include the prootic,

opisthotic-exoccipital, supraoccipital, and basioccipital. These brain-

case elements show a variable degree of fusion with each other

among the specimens examined (Fig. 6). All braincase elements

except the opisthotic and exoccipital remain separate from one

another in Melanophidium. All braincase elements are fused with

one another in Plecturus, Pseudotyphlops, Rhinophis and Uropeltis,

but the basioccipital remains separate from the basisphenoid in

Teretrurus. The exoccipitals and basioccipital are always fused in

the occipital condyle. The stalk of the occipital condyle is short in

Melanophidium, Platyplecturus, and Teretrurus, but distinctly elon-

gated in the other taxa investigated, such that the depression of the

basioccipital housing the brainstem is exposed in dorsal view (Fig.

5). The exoccipitals define the dorsal margin of the foramen mag-

num, and their posterolateral corners are either deeply notched, or

perforated by a foramen.

A laterosphenoid is always present in uropeltines, but while it

remains a relatively narrow element in Melanophidium (Fig. 6A-B)

and Pseudotyphlops (Fig. 6C), it becomes distinctly broadened in

the other taxa investigated.

The plesiomorphic condition of the posterior opening of the

Vidian canal and its relation to the facial nerve branches is exempli-

fied by Melanophidium among uropeltines (Fig. 6A-B). The

hyomandibular and palatine branches of the facial nerve exit from

separate foramina opening into an obliquely oriented recess located

on the prootic closely behind the foramen for the mandibular branch

of the trigeminal nerve in Melanophidium punctatum (Fig. 6A), and

incompletely separated from the posterior margin of the mandibular

branch foramen in Melanophidium wynaudense (Fig. 6B). The

recess housing the facialis foramina becomes deeper ventrally, as it

connects with the posterior opening of the Vidian canal that is

located on the prootic - basisphenoid suture. This condition is

closely comparable to that in Cylindrophis and Anomochilus (Cundall

& Rossman 1993), except that the posterior opening of the Vidian

canal is located more (Anomochilus: Cundall & Rossman 1993, Fig.

4) or less (Cylindrophis maculatus) below the prootic - basisphe-

noid suture. In Pseudotyphlops (Fig. 6C) and Rhinophis sanguineus

(Fig. 6F), the palatine branch of the facial nerve enters directly into

a canal within the prootic which connects ventrally with the Vidian

canal, and which opens dorsally within the posteriorly expanded

recess of the mandibular branch foramen. This prootic canal appears

to be a modification of the condition observed in Melanophidium by

the lateral closure of the prootic recess that houses the facialis nerve

foramina. In Pseudotyphlops and Rhinophis sanguineus the Vidian

canal retains no separate posterior opening; the internal carotid

enters directly into the opening of the prootic canal. In all other taxa

investigated (e.g., Uropeltis, Fig. 6D; Rhinophis drummondhayi.

Fig. 6E), the palatine branch of the facial nerve enters again a prootic

canal which is completely separated from the mandibular branch

foramen however, and which opens anteroventral to the anterior

corner of the juxtastapedial recess. The internal carotid enters the

prootic canal on its way to the sella turcica. The anterior opening of

the Vidian canal lies on the suture between para-basisphenoid and

parietal in front of the dorsolateral wings of the para-basisphenoid

(McDowell 1967).

The juxtastapedial recess is well developed in uropeltines, which

all except Pseudotyphlops share with Anilius and Cylindrophis the

presence of a fenestra pseudorotunda (Rieppel 1979a). The shaft of

the stapes is directed posterolaterally as it connects with the elon-

gated suprastapedial process of the quadrate via the stylohyal (Rieppel

1980; see also Wever 1978). As in scolecophidians and basal

alethinophidians, the juxtastapedial recess is open posteriorly, and

the jugular foramen is exposed in lateral view (Tchernov etal. 2000;

Fig. 6). The posteroventral corner of the crista circumfenestralis is

enlarged to form a gliding surface for the quadrate ramus of the
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Fig. 5 A-C The otico-occipital region of uropeltine snakes in dorsal views. A, Melanophidium wynaudense (BMNH 1930.5.8.124): B, Uropeltis

woodmansoni (BMNH 1930.5.8.73); C, Pseudotyphlops philippinus (BMNH 1978.1092).

op-eo

Fig. 6 A-F The otico-occipital region of uropeltine snakes in right lateral views. A, Melanophidium punctatum (BMNH 1930.5.8. 119); B,

Melanophidium wynaudense (BMNH 1930.5.8.124); C, Pseudotyphlops philippinus (BMNH 1978.1092); D, Uropeltis woodmansoni (BMNH
1930.5.8.73); E, Rhinophis drummondhayi (BMNH1930.5.8.67-68); F, Rhinophis sanguineus (BMNH 1930.5.8.59).
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pterygoid in Melanophidium (Fig. 6A-B ) and Pseudotyphlops (Fig.

6C), a surface that is 'rounded off to a variable degree in smaller

species, and reduced in Rhinophis drumrnondhayi (Fig. 6E). By the

fact that the braincase elements remain separate in Melanophidium,

it is possible to ascertain that the prootic, opisthotic-exoccipital, and

basioccipital contribute to this enlarged posteroventral part of the

crista circumfenestralis. In the plesiomorphic condition, the

juxtastapedial recess is wide open laterally (Cylindrophis,

Anomochilus: Cundall & Rossman 1993), and such is also the case

in Melanophidium (Fig. 6A-B), Platyplecturus and Teretrurus. In

other uropeltines, the lateral opening of the juxtastapedial recess is

closed to a narrow slit, most extremely so in Uropeltis (Fig. 6D) and

Rhinophis (Fig. 6E-F), where the dorsal and ventral lips of the crista

circumfenestralis closely approach each other, or may even estab-

lish a restricted contact with each other. Never is the juxtastapedial

recess fully closed laterally, however, as is the case in Liotyphlops

(Haas 1964), typhlopids and leptotyphlopids (Rieppel 1979b). The

jugular foramen is internally subdivided in most uropeltines (except

in Pseudotyphlops, Teretrurus and Uropeltis), and it is located either

behind the juxtastapedial recess (plesiomorphic), or in the

posteroventral corner of the latter (in Platyplecturus, Plecturus,

Teretrurus and Uropeltis). The exoccipital is pierced by two hy-

poglossal foramina in Melanophidium punetatum (Fig. 6A), but by

a single, enlarged hypoglossal foramen in the other taxa investi-

gated.

PHYLOGENETICINTERRELATIONSHIPS

Recent cladistic analyses hypothesized that Anomochilus is the

sister-group of uropeltines (Scanlon & Lee 2000; Tchernov et al.

2000), and Cylindrophis is the sister-group of uropeltines plus

Anomochilus (Tchernov et al. 2000; see also McDowell 1987;

Cundall et al. 1993, osteological data only). The addition of soft

anatomy characters by Cundall et al (1993) resulted in a different
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/ / / / / / / / /
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Table 1. The data matrix used in the analysis of the phylogenetic

interrelationships of Uropeltinae. Character definitions are given in

Appendix I.

12345 67891 11111 11112 22222 22223 333

12345 67890 12345 67890 123

Melanoph. punetatum 00000 01000 00000 00022 11111 11111 111

Melanoph. wynaud. 00100 00000

1

00111

1

20111

00000 10022 11111 11111 111

Platyplecturus 01100 12011 10122 11111 11121 111

Uropeltis 11111 12110 11222 11111 11121 111

Teretrurus 10100 11110 12001 10222 urn 11121 111

Rhinophis drum. 11111 mil 12110 11222 mil 11121 111

Rhinophis sang. 11111 20111 11110 11?22 urn 11121 111

Plecturus 11101 00111

1

01111

12110 11122 inn 11121 111

Plseudotyphlops 11100 01101 11222 inn 11121 111

Anomochilus 00100 01000 0000? 00011 mil 11120 000

Cylindrophis 00000 00000

1

00000

00000

1

00000

00010 00001 11110 000

Anilius 00000 00000 00000 00010 000

Fig. 7 The phylogenetic interrelationships of Uropeltinae. See text for
further discussion.

cladogram, which still reproduces the monophyly of Alethinophidia

and Macrostomata respectively, but which shows anilioids (Rieppel

1977, 1988) to be paraphyletic. The sound transmitting apparatus

was found to be 'similar' in Typhlops and Rhinophis by Wever

( 1978: 705), but a sister-group relationship of scolecophidians and

uropeltines has so far never been recovered through cladistic analy-

sis of morphological data (Cundall et al. 1993;Kluge, 1991;Scanlon

and Lee 2000; Tchernov et al. 2000), and it was specifically rejected

by Cadle et al. (1990; see also Cundall & Rossman 1993).

Previous work (Tchernov et al. 2000), and the description of the

uropeltine skull presented above, allows the delimitation of 33

phylogenetically potentially informative characters (Appendix I

and Table 1 ) for an analysis of uropeltine interrelationships. Given

the currently controversial relationships of Anilius and Anomochilus

relative to uropeltines, these two taxa together with Cylindrophis

were used as paraphyletic outgroup in the analysis of uropeltine in-

group relationships (characters 25 through 28 are uninformative

using this rooting procedure, and were ignored in the analysis). The

analysis was performed using PAUPversion 3.1.1. (Swofford 1991.

Swofford & Begle 1993). All multistate characters were unordered,

and the branch-and-bound search option was implemented. Character

optimization is based on the DELTRANroutine.

A single most parsimonious tree was obtained (TL = 49; CI =

0.796; RI = 0.877) with fully resolved uropeltine relationships.

Given the scarcity of characters, it is not surprising that some nodes

among uropeltines are rather poorly supported (with the minimal

decay index or Bremer support index [Bremer 1 988] : + 1 ). Neverthe-

less, the tree (Fig. 7) suggests some interesting preliminary results.

The basal position of Melanophidium among uropeltines was

expected (Rieppel 1977; McDowell 1987), and is reproduced here.

However, there is a signal for paraphyly of the genus Melanophidium.

Melanophidium wynaudense appears to be more closely related to

other uropeltines than it is to Melanophidium punetatum (decay

index: +1) on the basis of the presence of a single (enlarged)

hypoglossal foramen behind the jugular foramen ( 16[1] ; ci=l).

Evidently, the monophyly of the genus Melanophidium must be

tested by the addition of other characters, including soft anatomy,

because the result obtained here may be nothing more than the

reflection of the fact that as coded, Melanophidium punetatum is

plesiomorphic relative to all other uropeltines in all characters that
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are informative for the analysis of uropeltine interrelationships

(unfortunately. Melanophidium was not included in the analysis

performed by Cadle et al. [1990]).

The genera Teret runts. Platyplecturus, Pseudotyphlops, Plecturus,

Uropeltis. and Rhinophis form a monophyletic clade that is very

strongly supported on the basis of 7 characters (decay index: +6).

This represents a strong corroboration of the basal position of the

genus Melanophidium (unequivocal synapomorphies are designated

with an asterisk): *8(1), supraoccipital fused to opisthotic -

exoccipital; *9(1) prootic fused to opisthotic - exoccipital; 11(1)

laterosphenoid broad (reversal implied); 12(2) palatine branch of

facial nerve enclosed in prootic canal which is separate from man-

dibular branch foramen; 15(1) jugular foramen single (reversals

implied); 18(2) posteroventral process of dentary absent (reversal

implied); 29(2) gliding surface for pterygoid posteroventral to

juxtastapedial recess 'rounded off (reversal implied). The

monophyly of all uropeltines except Melanophidium is the most

strongly supported clade on the basis of this data set.

Within that clade, Platyplecturus is the sister-taxon of a clade that

includes (Pseudotyphlops (Plecturus (Rhinophis, Uropeltis))) on

the basis of 2 characters (decay index: +1): *2(1) nasals narrow

anteriorly, gradually tapering to pointed tip; *10(1) basioccipital

fused to basisphenoid. Pseudotyphlops is the sister-taxon of a clade

that includes (Plecturus (Rhinophis, Uropeltis)) on the basis of three

characters (decay index: + 1 ): 1(1) transverse process of the premax-

illa points posterolaterally, and meets the straight maxilla in a

shizarthrosis (convergent in Teretrurus); * 1 3( 1 ) narrow lateral open-

ing of the juxtastapedial recess; * 17(1) stalk of the occipital condyle

elongated. Plecturus shares with the (Rhinophis. Uropeltis) - clade

three characters (decay index: +2): 5( 1 ) optic foramen fully enclosed

by frontal; 14(1) jugular foramen recessed within posteroventral

corner of juxtastapedial recess; 15(0), jugular foramen internally

subdivided (reversal).

The clade that includes Rhinophis and Uropeltis (decay index:

+ 1) is diagnosed by a well-defined buttressing contact between the

processus medialis anterior of the maxilla and an anterior lateral

process of the vomer (*4 [1]). Interestingly, there is a signal for the

paraphyly of the genus Rhinophis, because Rhinophis sanguineus

appears to be more closely related to Uropeltis than to Rhinophis

drummondhayi on the basis of two characters (decay index: +1):

6(2) crista trabecularis ends in front of lateral fronto-parietal suture;

7(0) supraorbital process of parietal does not contact prefrontal

(reversal).

1990) is not supported here. By contrast, the possible paraphyly of

the genus Rhinophis indicated by molecular data (Cadle et al. 1990)

is also found here, although far less species were included in the

morphological analysis.

Pseudotyphlops is larger that all other uropeltines included in the

analysis, and it shows characters of cranial anatomy that appear in

outgroup taxa such as Anilius and Cylindrophis, but not in other

uropeltines. In the adult skull of Anilius and Cylindrophis, the part of

the para-basisphenoid located behind the optic foramen has a con-

cave ventral surface, which results in the formation of distinct lateral

ventral ridges (Tchernov etal. 2000). This character is also observed

in the relatively large skull of adult Pseudotyphlops. In the much
smaller skull of other uropeltines, the ventral surface of the para-

basisphenoid is at best very weakly concave, flat, or even slightly

convex, and ventral lateral ridges are very faintly indicated

(Melanophidium. Platyplecturus. Plecturus. Uropeltis. Rhinophis),

or absent (Teretrurus; also in Anomochilus: Cundall & Rossman

1993). The same observation relates to the presence of a sagittal

ridge on the parietal, well expressed in adult Anilius, Cylindrophis,

and in Pseudotyphlops among uropeltines, much reduced and re-

stricted to the posterior part of the parietal or absent in Anomochilus

and smaller uropeltines. Given its relative size, and the presence of

relatively plesiomorphic features in the skull, a basal position of

Pseudotyphlops relative to other uropeltines might have been

expected, but was not corroborated by cladistic analysis, although

the genus is still outside the (Plecturus (Rhinophis. Uropeltis))

clade.

The morphological transformation that is implied in the descrip-

tion of the Vidian canal in uropeltines (and in its coding; the

character was used unordered) is also contradicted by the cladistic

analysis discussed above. The description suggests that the indi-

vidualization of the prootic canal (which receives the palatine

branch of the facial nerve and into which enters the internal carotid)

follows its formation in association with the recess of the mandibu-

lar branch foramen, the cladistic analysis suggests otherwise. The

incorporation of the opening of the prootic canal into the recess of

the mandibular branch foramen is a secondary development that

occurred convergently in Pseudotyphlops and Rhinophis sanguineus.
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DISCUSSIONANDCONCLUSIONS

The monophyly of Uropeltinae has not previously been questioned

(Rieppel 1977; Cadle et al. 1990; Cundall et al. 1993;Scanlon&Lee

2000; Tchernov et al. 2000) and is here corroborated by six un-

equivocal synapomorphies (decay index: +3): *19(2), exoccipitals

and basioccipital fused in occipital condyle; *20(2), anterior denti-

gerous process of palatine modified into expanded lamina; *30(1),

occipital condyle modified as described by Williams (1959) and

Hoffstetter & Gasc ( 1 969); *3 1 ( 1 ), the superior alveolar nerve canal

in the maxilla is open dorsally ; *32( 1 ), frontals at least twice as long

as broad; *33( 1 ), supratemporal absent.

The phylogenetic analysis of the interrelationships among
Uropeltinae corroborates the hypothesized basal position of the

genus Melanophidium, the latter possibly paraphyletic. The clade

comprising Teretrurus and the Indian species of Uropeltis that is

consistently obtained on the basis of allozyme data (Cadle et al.
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Appendix I List of Characters used in the

phylogenetic analysis

1. Anterior tip of maxilla turned medially, closely approaching or

touching transverse process of premaxilla (0); anterior tip of

maxilla straight, contact with premaxilla shizarthrotic (1).

2. Nasals relatively broad anteriorly, notched (0); nasals gradually

tapering to pointed tip anteriorly ( 1 ).

3. Teeth on palatine present (0), absent (1).

4. A distinct and well defined buttressing contact between the

processus medialis anterior of the maxilla and an anterior lateral

process of the vomer is absent (0), or present (1).

5. Parietal enters optic foramen (0), optic foramen fully enclosed

entirely within frontal (1).

6. Crista trabecularis ends behind the (lateral) fronto-parietal su-

ture (0), at the (lateral) fronto-parietal suture (1), in front of the

(lateral) fronto-parietal suture (2).

7. Supraorbital process of parietal does not (0), or does ( 1 ) participate

in suspension of prefrontal (contacts prefrontal above the orbit).

8. Supraoccipital separate (0), or fused ( 1 ).

9. Prootic and opisthotic-exoccipital separate (0), or fused (1).

10. Basisphenoid - basioccipital separate (0), or fused (1).

11. Laterosphenoid narrow (0), broad (1).

12. Facial nerve branches open into a recess behind the mandibular

branch foramen which connects with the posterior opening of

the Vidian canal (0); facial nerve branches open into a prootic

canal which opens within the recession of the mandibular branch

foramen and connects with the posterior opening of the Vidian

canal (1); facial nerve branches open into a prootic canal which

opens behind the mandibular branch foramen and connects with

the posterior opening of the Vidian canal (2).

13. Juxtastapedial recess wide open laterally (0; fenestra pseudo-

rotunda may be exposed in lateral view), distinctly restricted by

approximation of dorsal and ventral margin (1; fenestra

pseudorotunda never exposed in lateral view).

14. Jugular foramen behind juxtastapedial recess (0), recessed within

juxtastapedial recess (1).

15. Jugular foramen internally subdivided (0), single (1).

16. More than one hypoglossal foramina (0), single but enlarged

hypoglossal foramen ( 1 ).

17. Stalk of occipital condyle short, depression in basioccipital for

brainstem not visible in dorsal view (0), stalk of occipital

condyle elongate, depression in basioccipital for brainstem

visible in dorsal view (1).

18. Posteroventral process of dentary distinct (0), reduced (1),

absent (2).

19. Exoccipitals not in contact dorsal to basioccipital in occipital

condyle (0); exoccipitals in contact dorsal to basioccipital in

occipital condyle (1); exoccipitals and basioccipital fused in

occipital condyle (2).

20. Anterior dentigerous process of palatine slender and straight (0),

broadened anteriorly ( 1 ), modified into expanded lamina (2).

21. Pterygoid teeth present (0), absent (1) (Tchernov et al. 2000).

22. Suprastapedial process of stapes is not (0), or is (1) distinctly

longer than shaft of stapes (Tchernov et al. 2000).

23. Quadrate suspension close to dorsal margin of otic capsule (0),

shifted anteroventrally on otic capsule (1) (Tchernov et al.

2000).

24. Retroarticular process unmodified (0), wrapping around poste-

rior aspect of mandibular condyle of quadrate ( 1 ) (Cundall et al.

1993).

25. Premaxillary teeth present (0), absent (1).

26. Contact between premaxilla and vomer overlapping (0), or in

well defined recess (1).

27. Preorbital ridge on frontal (Frazzetta 1 966) does not (0), does ( 1

)

project beyond anterior margin of dorsally exposed surface of

frontal.

28. Interchoanal process of parasphenoid absent (0), present (1).

29. Posteroventral part of crista circumfenestralis does not (0), or

does (1) form a distinctly enlarged gliding surface for the

quadrate ramus of the pterygoid, or this gliding surface is

present but "rounded off (2).

30. Occipital condyle is not (0), or is (1) modified as described by

Williams (1959) and Hoffstetter & Gasc (1969).

31. The superior alveolar nerve canal in the maxilla is closed (0), or

open ( 1 ) dorsally.

32. Frontals are not (0), are (1) at least twice as long as broad.

33. Supratemporal present (0), absent ( 1 ).


